The aim of this study was to search for predictors of acute side effects of stimulant medication in pediatric attention deficit/hyperactivity disorder (ADHD), emphasizing variables from quantitative electroencephalography (QEEG), event-related potentials (ERPs), and behavior data from a visual continuous-performance test (VCPT). Methods: Seventy medication-naïve ADHD patients aged 7-16 years were tested with QEEG, including a go/no-go task condition (VCPT) from which behavior data and ERPs were extracted, followed by a systematic trial on stimulant medication lasting at least 4 weeks. Based on data from rating scales and interviews, two psychologists who were blind to the QEEG/ERP test results independently rated the patients as having no or small side effects (n = 37) or troublesome side effects (n = 33). We determined if the side effects were related to sex, age, IQ, ADHD subtype, comorbidities, clinical outcome, and variables in QEEG, ERPs, and VCPT. Results: There was a moderate negative correlation between clinical outcome and side effects. Three variables were significantly associated with side effects in a multivariate logistic regression analysis. In the ERP independent component -contingent negative variation -which reflected action preparation and time evaluation, patients with high amplitudes (close to normal values) experienced more side effects than patients with lower amplitudes. A faster-than-normal reaction time in VCPT was associated with side effects, as was a high amplitude in an early ERP component (early visual independent component), reported to be influenced by attention, perceptual sensitivity, and anxiety. Conclusion: The group with troublesome side effects had normal action-preparation electrical brain activity, a faster-than-normal reaction time, and an increased level of anxiety (measured by ERP) compared with the no side-effects group.
Introduction
Attention deficit/hyperactivity disorder (ADHD) 1,2 is considered a neurodevelopmental disorder, with a prevalence of approximately 3%-6% in school-age children. 3 It is characterized by age-inappropriate levels of inattention and/or hyperactivity and impulsivity, creating significant impairment in social relations and in school and home environments. Comorbid conditions like disorders of behavior, anxiety, and learning are seen in the majority of cases. 4 The most common treatment for children with submit your manuscript | www.dovepress.com
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Ogrim et al ADHD is the use of psychostimulants like methylphenidate (MPH), dextroamphetamine (DEX) and the nonstimulant atomoxetine. MPH has shown a therapeutic response in approximately 70% of patients. 5 A shift to DEX or atomoxetine for nonresponders increases therapeutic effects to 80%. 6 Therapeutic response to MPH may vary from patient to patient, and includes a reduction of motor hyperactivity, more focused task-oriented behavior, reduction of impulsive behavior, improved executive function, and reduced emotional lability. [7] [8] [9] [10] [11] [12] The disadvantages and limitations of stimulants include side effects (SEs), reservations about taking medication, and 10%-25% non-responders. 13, 14 The most common SEs are loss of appetite and insomnia. Preexisting comorbid conditions like anxiety, mental retardation, and autism spectrum disorder may increase the risk for adverse effects. [15] [16] [17] [18] [19] [20] Acute neurological SEs are headaches, dizziness, and sleep problems. Psychiatric SEs, although rare and usually solvable, include irritable mood, dysphoria, enhanced depressive symptoms, cognitive overfocusing, tics, and psychotic symptoms. 21 Sonuga-Barke et al 20 found that adverse events related to emotionality or sleep and appetite were not predictable from patients' personal and clinical characteristics, such as age, sex, weight, height, and comorbid conditions. They found limited evidence that adverse effects were related to therapeutic effects. A negative correlation has been reported between therapeutic effects and mood/anxiety SEs. 22 Using electroencephalography (EEG), a large number of studies have found excess theta activity (4-7 Hz) and/or an increased theta:beta ratio (ie, 4-7 Hz: 13-21 Hz) in ADHD, in agreement with theories of cortical underactivation. 23 Newer studies, however, have found that the excessive theta:beta ratio characterizes only a subgroup of ADHD. We recently found this pattern in 26% of pediatric ADHD patients, compared to 2.5% in healthy controls. 23, 24 In addition to excess theta, other EEG-based subtypes of ADHD have been reported: excess beta, low alpha peak, and hypercoherence. 23, [25] [26] [27] [28] [29] Event-related potentials (ERPs) reflect electrical cortical responses to stimuli in various task conditions, and are obtained by averaging the brain's electrical response to the stimuli over a number of trials. ERPs exhibit characteristic peaks and troughs, which are associated with underlying stages of sensory-related and action-related information flow in various cortical areas. The early ERP waves associated with visual processing (P1, N1, and N2 waves), peaking 100-200 ms after stimulus presentation, seem to form a cluster that is sensitive to emotional content and anxiety/perceptual sensitivity. 30 The P3b wave can be found in paradigms like oddball and go/no-go, where action is involved. 31 Many studies have found the P3 waves (peaking 300-500 ms after stimulus presentation) to be deviant in ADHD. [32] [33] [34] In addition, deviations are found for the contingent negative variation (CNV), a low potential evoked in cued paradigms (go/no-go, signal stop) when an individual prepares for action. [35] [36] [37] In a recent longitudinal study, 38 the main finding was that CNV was the only ERP component that had significantly smaller amplitudes in ADHD at all ages compared with healthy controls. The CNV can be seen as a dopaminergic biomarker, since the amplitude of this component was shown to increase following intake of stimulant medication in a group of healthy young adults. 39 ERP waves are regarded as the sum of multiple sources generated in different locations and associated with different neural processes. 40 Attempts have been made to separate these multiple sources comprising the ERP waves, including the use of independent component analysis (ICA). 41 One approach to the use of ICA in ERP research is its application on averaged ERPs recorded in few task conditions across many individuals. 42, 43 In a previous study of ours, this approach has been applied to ERPs elicited in the go/no-go paradigm, showing that the traditional ERP waves can be decomposed into reliable independent components (ICs) with different functional meanings. 44, 45 For adults with ADHD, these ICs have been shown to have strong discriminative power. 46 We used ICs from the same visual go/no-go task that were used in the studies cited in this paragraph.
Although the literature on quantitative EEG (QEEG) and ERPs in ADHD is relatively extensive, we found no studies that focused explicitly on acute SEs of stimulants. The aim of the present study was to search for variables predicting SEs of stimulant medication in pediatric ADHD. The primary aim was to see if parameters in a go/no-go test (visual continuous-performance test [VCPT] ), EEG spectra, and ERPs -variables in research found to be associated with ADHD -can predict acute SEs of stimulant medication. We also analyzed the data with regard to clinical outcome, ie, reduction of symptoms as a result of medication, focusing on the relation between SEs and clinical outcome. Based on the literature and on clinical experience, we hypothesized that comorbid conditions and indexes of anxiety in QEEG and ERPs (increased beta, excess power in ERP early components) would increase the risk of acute SEs.
Methods Patients
Seventy unselected, consecutive clinical cases were examined and included in the study. They had been referred to 
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Predicting acute side effects of stimulants in aDhD a neuropsychiatric team in the county of Østfold, Norway. They had been screened by the school psychology service, the GP, or the local child psychiatry outpatient clinic with regard to symptoms of ADHD. They were referred for further diagnostic assessment and treatment. The 70 patients were diagnosed with ADHD, combined or inattentive subtype. The majority had comorbid diagnoses ( 47, 48 developmental and medical history; rating scales from parents, teachers, and in some cases self-reports; and intelligence testing (Wechsler Intelligence Scale for Children III/IV or the abbreviated form Wechsler Abbreviated Scale of Intelligence). These data were supplemented with neuropsychological assessment, reports from the school psychology service and GP, and in some cases more informal meetings with parents and teachers. In most cases, Conners' Rating Scale -Revised, 49 parent and teacher forms, and the Behavior Rating Inventory of Executive Function 50 were used. Reports from the schools and the school psychology service included information regarding learning problems, needs for special education, social function, and behavior. Diagnostic conclusions were discussed in the team, consisting of two specialists in neuropsychology, a pediatrician, and an educator specializing in school psychology. Learning disorders comprised a mixed group of general learning disabilities: IQ below 80 and significant learning problems in several school subjects requiring special education, and specific learning disabilities, including dyslexia, dyscalculia, and IQ above 80. The category -"other disorders" -included Tourette's syndrome and reactive attachment disorder.
After diagnostic conclusions were drawn, all 70 patients were offered a systematic trial on stimulant medication lasting at least 4 weeks. The standard procedure was MPH single tablets during the trial period, titrated from 5 mg × 1 per day up to a maximum of 20 mg × 3 per day, or lower if SEs occurred, or if significant clinical effects were observed on lower doses. Seven of the patients underwent a similar procedure on DEX. (A Chi-squared test showed no difference between DEX and MPH regarding SEs [P = 1.0]). Parents and teachers filled in daily ratings of ADHD symptoms before the trial period started and during the 4-week period. Children 10 years or older were asked to fill in daily self-ratings. The Barkley Stimulant Side Effects Rating Scale was used weekly in the majority of cases, the first registration before onset of medication. The parents were invited to contact us with any questions during this period. After 4 weeks, we arranged a meeting with parents and teachers. The majority of patients older than 12 years also accepted the invitation. Parents, teachers, and children were asked informally to tell us about the last 4 weeks. Was there anything new, anything positive, or anything negative? Did they perceive any changes that the medication had brought about? What were the effects of increased doses? We also asked about SEs, compared with the weeks before medication started. The rating scales were examined, and a conclusion was usually drawn about further medication. This decision was followed by telephone contacts and meetings as needed before the case was referred back to the outpatient clinic.
The forms used to evaluate therapeutic effects and SEs were not the same in all cases. Some key information conveyed in meetings and phone calls did not show up in the rating scales. We therefore used the following method to evaluate SEs: all information from meetings, phone calls, rating scales, and testing was registered in the patient journals. This information, which did not contain data from QEEG/ ERP testing, was independently evaluated by the first author and a psychologist in the team. The following criteria were used: a score of 0 was given if no SEs were reported or if they disappeared within a few days and did not represent a problem. A score of 1 was given if SEs continued to be a problem. Troublesome SEs sometimes resulted in a change to another stimulant or dose, or in a few cases cessation 
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Ogrim et al of treatment. The interrater reliability was 0.9. Cases of disagreement were discussed before conclusions were drawn. In 24 of 33 side-effect cases, medication was continued because of positive therapeutic effects and actions taken to reduce the impact of SEs.
A similar procedure was used in evaluation of clinical outcome, starting with a 2-1-0 scale (2, significant positive changes; 1, moderate changes, or only seen at school or at home; 0, small/insignificant or negative clinical changes). These ratings were later converted into a 1-0 scale. The agreement on the 2-1-0 scale was 80% before discussions. The parents gave written consent for their children to participate, and the children were informed. The project was approved by the Regional Committee for Medical Research Ethics.
Normal controls
In the final model, three variables discriminated significantly between the two clinical groups. The results on these variables were compared with a group of 40 sex-and age-matched normal controls from the HBImed database (www.hbimed.com). The controls were typically developing children without neurological disorders, learning disabilities, or psychiatric problems. The testing procedures were identical for patients and controls.
assessment of Qeeg and erP
EEG was recorded using a Mitsar 201, a PC-controlled 19-channel EEG system (Mitsar Co Ltd, Saint Petersburg, Russia). The input signals referenced to the linked ears were filtered between 0.5 and 50 Hz and digitized at a sampling rate of 250 Hz. Impedance was kept below 5 kΩ for all electrodes. Electrodes were placed according to the International 10-20 system, using an electrode cap with tin electrodes (Electro-Cap International, Eaton, OH, USA). Quantitative data were obtained using WinEEG software (Mitsar Co Ltd), common-reference montage, prior to data processing. 51 Eye-blink artifacts were corrected by zeroing the activation curves of individual ICA components corresponding to eye blinks. 51 In addition, epochs of the filtered EEG with excessive amplitude (.100 µV) and/or presenting with excessively fast (.35 µV in the 20-35 Hz band) and slow (.50 µV in the 0-1 Hz band) frequency activities were automatically marked and excluded from further analysis. Finally, the EEG was manually inspected to verify artifact removal. All 70 patients and controls were tested in eyes-closed, eyes-open, and task conditions in a go/no-go task (VCPT), lasting 20 minutes and consisting of 400 pairs of pictures. The instructions were to press the button only when the two pictures in a pair are animals, and not "animal-plant," "plant-human," or "plantplant" (100 pairs of pictures in each category). ERPs were recorded during VCPT.
Variables in the model
The differences between the two groups (before medication) were checked on continuous and categorical/dichotomous variables, from five categories. The logistic regression model contained twelve continuous and six dichotomous variables.
• 45 In this study, the filters for ICs were based on more than 100 age-matched healthy controls from the HBI database.
The following ERPs were used in the statistical analyses: IC early visual (mean power at site O1 in the time interval 100-300 ms after stimulus 1), P3 go wave (mean power at site T5 in the time interval 330-550 ms after stimulus 2), and IC CNV late (mean power at site Cz in the time interval 900-1,100 ms after stimulus 1). The time intervals were selected on the basis of the grand-average files. 
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Predicting acute side effects of stimulants in aDhD For variables IC cue P3 (appearing after stimulus 1 when it is a target) at site Pz and IC P3 no-go early at site Cz, peak values in µV and latencies in milliseconds were registered individually. The time window was defined by the grand-average files. Explicit scoring criteria, including rules for scoring difficult cases, were followed for both groups.
statistical methods
Logistic regression was used to identify factors associated with SEs of stimulant medication. In the first step, all 18 variables were checked for significant differences between the groups based on t-tests (continuous variables) and chi-squared analysis (categorical variables). All variables were correlated. Because we found no correlations .0.70 or ,−0.70, no variables were excluded from the model. All significant variables in step 1 were used in logistic regression applying forward variable selection (Wald). Statistical analyses were performed in SPSS, and significance level was set at 5%.
Results
The positive effects of medication reported for the group of 52 medication responders were put into the following partly overlapping categories: emotion -increased emotional stability, reduced irritability, better mood; social -improved social interaction, reduction of peer conflicts; attention -improvements in attention, academic function, homework, better vigilance, more focused; executive function -increased initiative, less dependent on others, better routines, completing tasks; impulsivity -reduction in impulsive acts; hyperactivity -reduction of overactivity and restlessness; alert -more awake, engaged, increased effort; other -reduced fatigue, fewer tics. The ratings were as follows: emotion 17, social 9, attention 43, executive function 13, impulsivity 6, hyperactivity 19, alert 5, other 5.
The SEs experienced in the 33 children in the SE group were loss of appetite (eight), increased insomnia (eleven), more stomach pain (five), more headaches (four), increased anxiety (nine), and increased lability/irritability/mood swings (14) .
Five continuous and two categorical variables were significantly different in the SE and no-SE groups. Four of these were ERP components: IC early visual, IC CNV late, IC no-go early amplitude and P3 go (wave) (see Tables 2 and 3) . We also found significantly more SEs in boys than in girls, and more in the group with comorbid learning disabilities. Logistic regression, forward variable selection (Wald), was performed to assess the impact of the seven significant variables on the likelihood of acute SEs of stimulant medication. The model as a whole explained 53% (Nagelkerke R 2 ) of the variance in SE status.
Three of the independent variables were statistically significant in the multivariate logistic regression model predicting SEs (IC CNV late [action preparation], RT, and IC early visual [sensitive to anxiety]). Results for IC CNV late and IC early visual are shown in Figures 2 and 3 . Increased power of the IC CNV late component -closer to normal levelswas associated with SEs. A fast RT in the VCPT task (even faster than normal controls) and increased amplitude of the IC early visual task were also associated with elevated levels of adverse events. A significant correlation of 0.32 (P = 0.01) was found between IC CNV late and RT.
These three variables were transformed into quartiles, quartile 1 on each variable representing the 25% of the children with fewest SEs. The quartile scores for each person were then summed (SE index), resulting in scores from 3 to 12. This 10-point scale was afterwards transformed to a quartile scale (SE index quartiles). Figure 1 shows that only Notes: P3 go, ERP component (wave) at T5 in time interval 350-500 ms after stimulus 2, when first and second stimuli both were targets; IC CNV late, IC ERP at site Cz in time interval 900-1,100 ms after stimulus 1 when this stimulus was a target. Abbreviations: se, side effects; sD, standard deviation; df, degrees of freedom; ic, independent component; cNV, contingent negative variation; VcPT, visual continuousperformance test.
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Ogrim et al 13% of the children in quartile 1 demonstrated SEs, compared to 91% in quartile 4. Age, IQ, subtype of ADHD, comorbid behavior disorders, theta, alpha, and beta levels in EEG spectra, alpha peak frequency, ERP waves (except P3 go), omissions, commissions, and RT variability in the VCPT task were not significantly different in the SE and no-SE groups.
As mentioned, all patients were also classified as responders or nonresponders regarding outcome in the medication trial. A chi-squared analysis showed there was a significant negative correlation (r = −0.38) between responders and the SE group. The Mann-Whitney U-test was employed to test the difference between responders and nonresponders on the three variables significantly different in the SE and no-SE groups. IC CNV late close to normal levels was associated with lack of clinical effects (P = 0.028). IC early visual and RT were not significantly different in responders and nonresponders.
comparisons with normal controls
Scores on the three significant variables were compared with 40 age-and sex-matched normal controls from the HBI database. For mean RT, controls were 457 ms, the no-SE group was 437 ms, and the SE group was 370 ms; the SE group was faster than controls and the no-SE group. As Figure 2 indicates, the SE group was close to normal on the IC CNV late variable, whereas the no-SE group had a small component deviating strongly from the norm. Regarding IC early visual, neither group differed significantly from the norm, but the component was stronger than the norm in the SE group and smaller than the norm in the no-SE group.
Discussion
Three variables (IC CNV late, RT, and IC early visual) contributed significantly to the prediction of acute SEs of stimulant medication. They all seemed to be related to cortical activation. Additional comparisons with normal controls were conducted with these three variables. The SE group had a close-to-normal IC CNV late, reflecting normal action preparation; a shorter-than-normal RT in the VCPT task, requiring a high readiness to respond; and an increased amplitude of the IC early visual component, indicating increased effort and/or anxiety. 30 Based on these variables, 
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Predicting acute side effects of stimulants in aDhD an index was calculated. Adverse effects were seen in only 13% of the patients in the first quartile of this index and 91% in the fourth quartile. Psychologically, the SE group seems to have been more alert or activated than the no-SE group was. They were less likely to experience positive clinical effects of stimulants (SEs and positive clinical effects correlated −0.38), and were closer to normal controls on several variables. Deficits in state regulation or activation have been linked to ADHD. [52] [53] [54] It seems that the SE group was not as "typical ADHD" as the no-SE group.
SEs have been reported to be more common in ADHD patients with comorbid conditions like autism spectrum disorders, mental retardation, and anxiety disorders. The number of patients with comorbid autism spectrum disorder/ Asperger's syndrome in our sample was too small for statistical analysis. SEs were more common in the approximately 50% of our group with comorbid learning disabilities, perhaps partly reflecting some other underlying pathology. There were no significant differences between the SE group and the no-SE group regarding comorbid emotional or behavior disorders based on clinical interviews and rating scales. The ERP component IC early visual is assumed to be influenced by anxiety, however. Our hypothesis of increased SEs in the group with comorbid emotional/anxiety disorder was supported by this finding. In addition, trait anxiety has been associated with increased amplitude of CNV, interpreted as a compensatory mechanism to maintain normal task performance. 37 An alternative or supplementary explanation to normal CNVs in the SE group is that this factor also reflects an increased level of anxiety.
Although significantly different in the SE and no-SE group, two categorical and two continuous variables did not contribute to the final predictive model. We found that boys exhibited significantly more acute SEs than girls did. We can offer no obvious explanation for this finding, which requires confirmation from other studies. IC no-go early amplitude was closer to normal levels in the SE group than in the no-SE group. The amplitude of this component, corresponding to the early part of the P3 no-go wave, has been found in several studies to be smaller in ADHD patients than in healthy controls. 34 We also found that the P3 go-wave amplitude was closer to normal levels in the SE group than in the no-SE group. No differences between the clinical groups were found regarding IQ, age, subtype of ADHD, or comorbid ODD, partly confirming the findings of Sonuga-Barke et al. 20 Deviances in EEG spectra did not differ between the two groups. One of our hypotheses was not confirmed: that excess beta, probably representing high levels of activation or anxiety, would be more common in the SE group.
limitations of the study
As in most regression analyses considering many factors, the effect of some variables may be overestimated, needing confirmation from other studies. On the other hand, the three variables significantly associated with SEs seem to form a meaningful cluster, supporting the view that they are not random. 
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Ogrim et al Our data lend support to the view that such SEs as increased problems with sleep, appetite, irritability, emotional lability, and anxiety can be considered a unity. The systematic use of a scale like the Barkley Stimulant Side Effects Rating Scale may obtain more details regarding subtypes of SEs, but in the clinic the most important question is whether there are serious SEs or not.
When interpreting IC ERPs, we refer to the literature based on ERP waves. So far, there have been few studies explicitly documenting these interpretations. In some cases, we found significant differences between the groups based on ERP waves (CNV, P3 no-go). We reported the corresponding IC ERPs because they demonstrated more significant differences and larger effect sizes.
Conclusion and clinical implications
A substantial number of children with ADHD for whom medication is initiated discontinue treatment. A recent study 55 found SEs in 58% of discontinuers vs 21% in continuers, lending support to the common clinical experience that SEs relatively often result in discontinuation of treatment. Our SE index may be helpful in predicting who is at greatest risk for adverse events and in need of more careful titration, medication follow-up, or consideration of other treatment options.
On several variables, we found that the SE group was closer to normal controls and less underactivated than the no-SE group. This study also lends some support to the view that serious SEs of stimulant medication may be an indication of another primary disorder or significant problems related to comorbidity.
